The effects of multitasking and resequencing on system and program performance of a two-stage multiprocessing system are studied using simulation techniques. A closed queueing network model is considered. It consists of the CPU and the 1/0 channel. The CPU consists of a FCFS single-server sequential processing center and a multiprocessing center with two FCFS independent processors each serving its own queue, Resequencing of jobs after CPU service ensures that jobs leave the CPU on a first-infirst-out basis.
INTRODUCTION
In this paper we study the effects of multitasking and resequencing on system and program performance of a two-stage multiprocessing system, The results are obtained using simulation techniques.
A closed queueing network model is considered which consists of the CPU and the 1/0 unit. The CPU consists of a FCFS single-server sequential processing center and a multiprocessing center with two FCFS independent processors each serving its own queue.
Therefore the CPU system consists of two stages, Stage 1 and Stage 2, called the "job stage" and the "task stage", respectively.
In center Stage 2, each service time of a job (program) consists of two tasks. In half of the jobs the tasks are independent and can be processed in parallel. Synchronisation between tasks is required. In the other half of jobs both tasks of the same job must be executed sequentially on the same processor. These TWO-STAGE jobs join the shorter queue.
An alternative approach we use to avoid the synchronisation of tasks is to run sequentially both tasks of all jobs. These two approaches are stu~died and compared.
Resequencing of jobs after CPU service ensures that jobs leave the CPU on a first-in first-out basis.
The resequencing problem can be found in several system contexts such as distributing computing systems and computer communication systems. In those systems customers who arrive at the system should depart from the system in the same order aa their arrivals. Therefore, after the completion of Itheir services, customers who go out of order are Iforced to wait in a special buffer-the so-called resequencing buffer-in order to rearrange their sequences, i.e. until the overt aken job of the same class completes its service. The delay due to resequencing is called resequencing delay,
The resequencing delay in multiserver queues has been studied by many authors as Iliadis, and Lien (1988); Lien (1986); Sasase, and Mori (1991); Takine, and Hasegawa (1990); Varma (1991) . Load balancing in a system of two queues with resequencing has been studied by Jean-Marie (1988) . All these works study open queueing network models and exponential CPU service times.
Multitasking
and resequencing in a homogeneous distributed system is studied in Karatza (1995a) . This work studies closed queueing network models. Two-stage parallel processing systems with parallel servers at the second CPU center are studied in Persone, and Iazeolla (1994) and in Karatza (1995b) .
In this work we study a two-stage multiprocessing system where there are two independent processors each serving its own queue at the second CPU center, Our intention is to examine if the synlchronist ion of tasks in the multitasking case, in conjunction with the subsequent resequencing of jobs is rewarded with increased parallelism for various coefhcients of In center Stage 2, each service time of a job consists of two tasks. In half of the jobs the tasks are independent and can be processed in parallel. In the other half of jobs both tssks of the same job must be executed sequentially on the same processor.
In the case of jobs with parallel tasks, upon arrival at the center Stage 2 a job forks into two tasks. Task i,i= 1,2 is assigned to the ith queue. Tasks corresponding to same job are joined before departing the CPU system, i.e. the task that completes its service first waits for its sibling to finish execution. Therefore in our model synchronisation between tasks is required,
The price that one pays for the increased parallelism is the synchronisation delay that occurs when tasks wait for their siblings to finish execution.
In the case of jobs with sequential tasks they join the shorter queue. If both queues have an equal number of jobs (including empty), the arriving job at center Stage 2 is dispatched randomly to one of the two queues with equal probability.
Therefore in this paper we consider multiprocessing systems in which programs are composed of two stages which must be processed in sequence. For each program there is some preparatory sequential computation, processed by center Stage 1, followed by a second computation which is parallel for half of the jobs and is processed by processors in center Stage 2.
The important requirement of the model is that jobs must leave the CPU system in the order of their arrival.
For this, each job enters the resequencing buffer after completion of its service, where it eventuaUy waits until all jobs that entered the system before it have been served. We furthermore assume that the time taken by its resequencing process is negligible:
if this job has no one to wait for, it leaves instantw neously the system. On the other hand, it leaves as soon as the last customer it has to wait for enters the resequencing buffer, Both tasks of a given job are to be completed at center Stage 2 before the job enters the reaequencing buffer.
An alternative approach we use in this paper to avoid the synchronisation of tasks is to run sequentially both tasks of all jobs.
In this case the only delay that incurs is due to resequencing of jobs.
In both cases, the FCFS queueing discipline is assumed.
The model is closed as the degree of multiprogramming N is constant during the simulation experiment, Neither arrivals nor departures are permitted while the system is under observation.
The configuration of the model is shown in Figure 1 . A fixed number of jobs IV is circulating within the system alternatively between the CPU and the 1/0 channel. 
SIMULATION RESULTS
We considered a balanced system with m = 1.0 and k = 1.0. The system was examined in cases of exponential CPU service times (C=l) and Branching
Erlang for C' = 2, 4. We have not examined cases with C' >4 because in real systems jobs service times tend to have low variations. Degree of multiprogramming N was taken as 2, 4, 6, 8, 10.
We simulated the queueing network model with discrete event simulation models using the method of independent replications (Law, and Kelton, 1991) . For every mean value a 95?70confidence interval was evaluated. All confidence intervals were less than 570 of the mean values.
In Tables 1-6 From the results we observe the following.
In all systems, both cases of multitasking and of sequential tasks perform almost the same as DK and DR are less than 4%.
In all cases RT2 is lower with the sequential case. This is due to the following, For all N, the relative difference in RT2 increases with increasing C, This is due to the increase in the variability of task sizes with increasing C which results in unbalanced processor queues at Stage 2 and therefore in better exploitation of the "join the shortest queue" policy. However, because of the subsequent resequencing delay of jobs, for all C, the relative difference in RT2D is much smaller than the relative difference in RT2.
For C = 1 and for all N the mean resequencing delay is relatively small compared to RT2. However, for C >1 and for all N, D increases with increasing C and it becomes a considerable part of K especially in the case of jobs with sequential tasks. For example for C=4and N= 10, D is close to K/4 and it is bigger than RT2 (Table 5) This is due to the fact that the higher C is, the more the CPU service times vary from the mean service time m. Furthermore, more service times are produced that are much shorter than m and fewer ones that are much longer than m. So, when a processor at Stage 2 is busy for a long time processing a task with a long service time, the other processor can serve both tasks of other subsequent jobs which, however, must wait in the resequencing buffer until the big task is finished.
The resequencing delay is more serious for high degrees of multiprogramming because it is more probable at high N more subsequent jobs to go out of order,
In all systems for all N the performance deteriorates with increasing C (K increases and R decresses with increasing C).
CONCLUSIONS AND FURTHER RESEARCH
The effects of multitasking and resequencing on system and program performance of a two-stage multiprocessing system were studied using simulation techniques. The simulation results reveal the following.
q In the multitasking case the synchronisation of tasks in the multiprocessing center results in higher response times in this center compared with the case of sequential tasks. However, because the resequencing delay is higher with the case of sequential tasks, the two cases do not differ significantly.
q The resequencing delay of jobs increases with increasing C and also with increasing N,
In this research one class jobs have been considered.
It should be extended to the following direction, q Jobs of different classes to be considered depending on whether they consist of parallel or sequential tasks, and preemption.
